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The ProblemThe Problem

►►Current lighting sources are not as efficient Current lighting sources are not as efficient 

as they could beas they could be

►►Having to frequently replace incandescent Having to frequently replace incandescent 

and fluorescent bulbsand fluorescent bulbs



SolutionSolution

►► High Brightness Light Emitting Diodes     (HB LED)High Brightness Light Emitting Diodes     (HB LED)
�� Benefits of HB LED LightingBenefits of HB LED Lighting

►►More efficient than incandescent and fluorescent lightingMore efficient than incandescent and fluorescent lighting

►►Ability to switch on and off at high speedsAbility to switch on and off at high speeds

►►Produces uniform wavelengths of lightProduces uniform wavelengths of light

►►Can turn on in extremely low temperaturesCan turn on in extremely low temperatures

►►Life span up to and exceeding 50,000 hours Life span up to and exceeding 50,000 hours 

�� Drawbacks of HB LED LightingDrawbacks of HB LED Lighting
►► Increased cost of ownershipIncreased cost of ownership

►►Operates on low voltage DCOperates on low voltage DC

►►Light produced is very directionalLight produced is very directional

►►LEDs require a heat sink to dissipate heatLEDs require a heat sink to dissipate heat



RequirementsRequirements

�� The LED array should provide light comparable to The LED array should provide light comparable to 
conventional lighting used today.conventional lighting used today.

�� Our lighting source must be powered by the 120 Our lighting source must be powered by the 120 
volts from a wall outlet. volts from a wall outlet. 

�� The light output of our LED array must be The light output of our LED array must be 
adjustable.adjustable.

�� Our LED array must be protected from overOur LED array must be protected from over--
current.current.

�� We will compare light output, efficiency, cost, and We will compare light output, efficiency, cost, and 
life expectancy of all current forms of lighting with life expectancy of all current forms of lighting with 
our LED array. our LED array. 



ConsiderationsConsiderations

►►BrightnessBrightness

►►EfficiencyEfficiency

►►Heat DissipationHeat Dissipation

►►Viewing AngleViewing Angle

►►Life SpanLife Span

►►CostCost



Luxeon K2 EmitterLuxeon K2 Emitter

►►Has a brightness of 100 lumens at one ampHas a brightness of 100 lumens at one amp
�� 100 watt light bulb produces 1740 lumens100 watt light bulb produces 1740 lumens

►►An efficiency of 33.3 lumens per WattAn efficiency of 33.3 lumens per Watt

►►Requires a Heat Sink.Requires a Heat Sink.

►►Viewing angle of 120 degrees Viewing angle of 120 degrees 

►►Life span of 50,000 hours Life span of 50,000 hours 
�� 6 years running 24 hours a day6 years running 24 hours a day

►►Retails for $4.29 per LEDRetails for $4.29 per LED



DESIGNDESIGN

►►First we needed to supply power to the LED First we needed to supply power to the LED 

stringstring

►►Devise a protection scheme for the LEDsDevise a protection scheme for the LEDs

►►Write PIC code to generate a variable duty Write PIC code to generate a variable duty 

cycle square wave, and provide indicationcycle square wave, and provide indication

►►Provide power to operate PICProvide power to operate PIC



Voltage ControlVoltage Control

►►Controlling the voltage to achieve exactly Controlling the voltage to achieve exactly 

one amp is sensitive one amp is sensitive 
►►A change of 3 volts results in a change of A change of 3 volts results in a change of 

500mA500mA



Current ControlCurrent Control

►►Controlling the current allows for more Controlling the current allows for more 

precise control precise control 



HV9910BHV9910B

► An open loop current mode control HBLED driver 
IC

►► Provides over current protection using sense Provides over current protection using sense 

resistor and comparator logicresistor and comparator logic

►► Allows use of Pulse Width Modulation to control Allows use of Pulse Width Modulation to control 

LED output currentLED output current

►► Accepts input voltages between 8 to 450VDCAccepts input voltages between 8 to 450VDC

►► Maximum output current of 1.5 amps Maximum output current of 1.5 amps 

►► Maximum output voltage of .5*VinMaximum output voltage of .5*Vin



HV9910B Block DiagramHV9910B Block Diagram



HV9910 SchematicHV9910 Schematic



PIC MicrocontrollerPIC Microcontroller

Main Routine Interrupts

Timer1 counts to 1000 and sets RA1 high

Timer1 compare sets RA1 low when PWM 

is greater than Timer1

Initialize ports and interrupts

Sense when RB0 is pushed, and then 

increment option

Every time option is incremented, the duty 

cycle is increased by 20% and a LED is 

turned on on PORTC

When duty cycle is 100%, decrement duty 

cycle by 20% and turn off LEDs on 

PORTC



LNK500 ICLNK500 IC

►►Uses high switching frequency and a small Uses high switching frequency and a small 

transformer to convert 120VAC to 5VDCtransformer to convert 120VAC to 5VDC



Indicator SwitchIndicator Switch

►►Receives power and transmits Receives power and transmits 

communication over Ethernetcommunication over Ethernet

►►Utilizes 5 pins for indicator Utilizes 5 pins for indicator 

LEDs  to display dimming LEDs  to display dimming 

levelslevels

►►Debounce Button transmits Debounce Button transmits 

status back to pic to switch status back to pic to switch 

between dimming levelsbetween dimming levels



LED StringLED String

►►The string Is connected in seriesThe string Is connected in series

►►PCB has holes cut into it to allow thermal PCB has holes cut into it to allow thermal 

conductionconduction

►►Thermal Epoxy is used to adhere LEDs to Thermal Epoxy is used to adhere LEDs to 

heat sinkheat sink



EnclosureEnclosure

►►Modified Existing 2 foot 2 bulb fluorescent Modified Existing 2 foot 2 bulb fluorescent 

fixture.fixture.



Lux and LumensLux and Lumens

►►Used a Minolta Photo Meter to Used a Minolta Photo Meter to 

measure luxmeasure lux

►►Lux: Unit based on lumensLux: Unit based on lumens

►►One lux is equal to one lumen per One lux is equal to one lumen per 

square metersquare meter

►►The lux takes into account the area The lux takes into account the area 

over which the luminous flux is spreadover which the luminous flux is spread



Lux ComparisonLux Comparison

Sunlight on Sunlight on avgavg day (max)day (max)100,000 lux100,000 lux

Sunlight on Sunlight on avgavg day (min)day (min)32,000 lux32,000 lux

Typical TV studioTypical TV studio1,000 lux1,000 lux

Sunrise/SunsetSunrise/Sunset400 lux400 lux

A brightly lit officeA brightly lit office400 lux400 lux

Hallway/LavatoryHallway/Lavatory80 lux80 lux

Family Living RoomFamily Living Room50 lux50 lux

Candle at 1ftCandle at 1ft10 lux10 lux

ExampleExampleIlluminanceIlluminance



Testing of BrightnessTesting of Brightness

►► 20 Luxeon K2 Emitter 65 Watt (1000mA)20 Luxeon K2 Emitter 65 Watt (1000mA)

�� 2 feet: 1040 lux2 feet: 1040 lux

�� 6 feet: 150 lux6 feet: 150 lux

►► General Electric 100 Watt IncandescentGeneral Electric 100 Watt Incandescent

�� 2 feet: 260 lux2 feet: 260 lux

�� 6 feet: 80 lux6 feet: 80 lux

►► 2 2 StarcoatStarcoat 44’’ 32 Watt Fluorescent Tube (64 Watts) 32 Watt Fluorescent Tube (64 Watts) 

�� 2 feet: 1040 lux2 feet: 1040 lux

�� 6 feet: 260 lux6 feet: 260 lux



Lifespan of LightsLifespan of Lights

►►A 100 Watt incandescent light costs $0.35 A 100 Watt incandescent light costs $0.35 

and lasts 1,000 hoursand lasts 1,000 hours

►►A 32 Watt fluorescent tube costs $8.33 and A 32 Watt fluorescent tube costs $8.33 and 

lasts 5,000 hourslasts 5,000 hours

►►Our 64 Watt LED string costs $93.40 and Our 64 Watt LED string costs $93.40 and 

lasts 50,000 hourslasts 50,000 hours



Lumens per WattLumens per Watt

►►Incandescent lights produce 17.4 Lumens Incandescent lights produce 17.4 Lumens 

per Wattper Watt

►►Fluorescent tubes produce 60 Lumens per Fluorescent tubes produce 60 Lumens per 

Watt Watt 

►►Our LEDs produce 26.89 Lumens per Watt Our LEDs produce 26.89 Lumens per Watt 



Total Cost to Operate for 50,000 Total Cost to Operate for 50,000 

HoursHours

►►Assuming electricity is $0.08 per kilowatt Assuming electricity is $0.08 per kilowatt 

hourhour

�� Not including Maintenance CostsNot including Maintenance Costs

►►100 Watt Incandescent light bulb costs 100 Watt Incandescent light bulb costs 

$417.45$417.45

►►2 2 -- 32 Watt Fluorescent tubes costs $438.6032 Watt Fluorescent tubes costs $438.60

►►Our 65 Watt LED string costs $353.40Our 65 Watt LED string costs $353.40



Problems Encountered and Lessons Problems Encountered and Lessons 

LearnedLearned

►► Debounce switch was very sensitive. Debounce switch was very sensitive. 
�� We had to put a RWe had to put a R--C filter at the pinC filter at the pin

►► VDD pin of HV9910 was not capable of driving a VDD pin of HV9910 was not capable of driving a 
PICPIC
�� We had to use LNK500 to supply 5 volts for PICWe had to use LNK500 to supply 5 volts for PIC

►► External inductance of long wires, triggered the External inductance of long wires, triggered the 
HV9910s internal comparators causing low output HV9910s internal comparators causing low output 
currentcurrent
�� Strategic placement of components, and short traces on Strategic placement of components, and short traces on 
PCB minimized inductances PCB minimized inductances 



Problems Encountered and Lessons Problems Encountered and Lessons 

LearnedLearned

►► The LED pads are fragile, and soldering LEDs to The LED pads are fragile, and soldering LEDs to 
each other with 16Ga wire broke some of the LEDseach other with 16Ga wire broke some of the LEDs
�� Using the PCB protected our LEDs more, and made it Using the PCB protected our LEDs more, and made it 
easier to adhere them to the heat sinkeasier to adhere them to the heat sink

►► Our inductor saturated, which limited our Our inductor saturated, which limited our 
maximum current outputmaximum current output
�� We had to increase the switching frequency of the We had to increase the switching frequency of the 
oscillatoroscillator

►► Because there is no isolation between our circuit Because there is no isolation between our circuit 
and the AC mains. Connecting earth ground to our and the AC mains. Connecting earth ground to our 
circuit damaged various componentscircuit damaged various components



BudgetBudget



Future WorkFuture Work

►►Temperature SensorTemperature Sensor

►►Integrate Indicators with Switch to use only Integrate Indicators with Switch to use only 

one gang wall boxone gang wall box

►►Use more efficient LEDs as they come on Use more efficient LEDs as they come on 

the marketthe market

►►Using our PIC as a motion sensor, we could Using our PIC as a motion sensor, we could 

turn the LEDs off when there is no activity turn the LEDs off when there is no activity 

in the roomin the room



SummarySummary

►►We took 120 volts form the wall, rectified it We took 120 volts form the wall, rectified it 

and using the HV9910 controlled the current and using the HV9910 controlled the current 

through the LED stringthrough the LED string

►►To Vary the light Intensity of our string we To Vary the light Intensity of our string we 

used PWM with the PICused PWM with the PIC

►►We used the LNK500 to supply the 5 volts We used the LNK500 to supply the 5 volts 

needed to operate the PICneeded to operate the PIC


